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SUBSTANCES FOR PREVENTING AND TREATING AUTOIMMUNE DISEASES 



This invention was made with United States Government support under Cooperative 
Agreement Number DAMD- 17-97-2-70 16 with the National Medical Technology Testbed, 
Inc., United States Department of the Army. The United States Government has certain rights 
in this invention. 



The present Application is a United States national phase application of International 
Patent Application No. PCT/US03/24625, titled "Substances for Preventing and Treating 
Autoimmune Diseases," filed August 6, 2003, which claims the benefit of United States 
provisional patent application 60/401,652, titled "Method and Substances for the Suppression 
of Diabetes," filed August 6, 2002, the contents of which are incorporated in this disclosure by 
reference in their entirety. 



Autoimmune diseases cause significant human morbidity and mortality. These diseases 
include approximately 80 diseases, such as rheumatoid arthritis, systemic lupus and multiple 
sclerosis, and affect approximately 5% of the population of the United States. One 
autoimmune disease, type 1 diabetes, is the most frequent chronic disease in children, and has 
a steadily increasing worldwide incidence. 

Generally, the onset of type 1 diabetes begins with the display by antigen presenting 
cells (APCs) of autoantigens synthesized by pancreatic beta cells. This display results in the 
immune system destruction of pancreatic beta cells mediated mostly by T helper 1 (Thl) and 
cytotoxic T lymphocytes and, thereby, to the loss of insulin production. 

Many prophylactic and therapeutic approaches for type 1 diabetes attempt to prevent the 
destruction of beta cells by inducing the immune system to delete, inactivate or suppress 
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pathogenic self-reactive lymphocytes, such as by administering vaccines that solely deliver 
autoantigen, or by administering substances are direct effectors of the immune system, such as 
cytokines. However, currently available DNA-based vaccines are not completely efficient in 
preventing the disease, and the use of some of these vaccines are associated with inducing or 
enhancing autoimmunity rather than preventing the disease. Additionally, the use of cytokines 
is associated with significant morbidity. 

Therefore, there is a need for a new method for preventing, delaying the onset of, or 
treating autoimmune diseases using vaccines that are not associated with these disadvantages. 
Further, there is a need for a new method for preventing, delaying the onset of, or treating 
type 1 diabetes using vaccines that are not associated with these disadvantages. 

SUMMARY 

According to one embodiment of the present invention, there is provided a substance 
for preventing, delaying the onset of or treating one or more than one autoimmune disease. 
The substance comprises a polynucleotide construct comprising a polynucleotide sequence 
encoding the pro-apoptotic protein BAX and encoding one or more than one autoantigen for 

7 

the autoimmune disease. 

According to another embodiment of the present invention, there is provided a use of a 
polynucleotide construct comprising a polynucleotide sequence encoding the pro-apoptotic 
protein BAX and encoding one or more than one autoantigen for an autoimmune disease for 
the manufacture of a medicament for preventing, delaying the onset of or treating the one or 
more than one autoimmune disease. 

According to another embodiment of the present invention, there is provided a use of a 
polynucleotide construct comprising a polynucleotide sequence encoding the adenoviral protein 
E3-GP19k for the manufacture of a medicament for preventing, delaying the onset of or 
treating one or more than one autoimmune disease. 

According to another embodiment of the present invention, there is provided a use of a 
polynucleotide construct comprising a polynucleotide sequence encoding ABCL-2 for the 
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manufacture of a medicament for preventing, delaying the onset of or treating one or more than 
one autoimmune disease. 

In one embodiment, the medicament is manufactured in dosage units of between about 
0.5 mg to about 5 mg. In another embodiment, the medicament is manufactured in dosage 
5 units of between about 1 mg to about 4 mg. In another embodiment, the medicament is 

manufactured in dosage units of between about 2.5 mg to about 3 mg. In another embodiment, 
the medicament is manufactured in a form suitable for intramuscular administration. In 
another embodiment, the medicament is manufactured in a form suitable for intravenous 
administration. 

10 According to another embodiment of the present invention, there is provided a method 

for preventing, delaying the onset of or treating an autoimmune disease in a patient. The 
method comprises selecting a patient who is susceptible to developing the autoimmune disease, 
who is developing the autoimmune disease or who has the autoimmune disease; and 
administering to the patient one or more than one dose of a polynucleotide construct 

15 comprising a polynucleotide sequence encoding the pro-apoptotic protein BAX and encoding 
one or more than one autoantigen for the autoimmune disease, or a polynucleotide construct 
comprising a polynucleotide sequence encoding the adenoviral protein E3-GP19k,"or a 
polynucleotide construct comprising a polynucleotide sequence encoding ABCL-2, or a 
combination of the preceding polynucleotide constructs. 

20 In one embodiment, the autoimmune disease is type I diabetes. In another embodiment, 

selecting the patient comprises identifying in the patient the presence of anti-insulin or anti- 
GAD autoantibodies or both anti-insulin and anti-GAD autoantibodies. In another 
embodiment, selecting the patient comprises identifying in the patient the presence of 
increasing hyperglycemia. In another embodiment, selecting the patient comprises identifying 

25 in the patient the presence of glycosuria. In another embodiment, selecting the patient 

comprises identifying in the patient the presence of a genetic predisposition to the autoimmune 
disease. 
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In another embodiment, the one or more than one dose is a plurality of doses. In 
another embodiment, administering to the patient one or more than one dose comprises 
injecting the patient intramuscularly with the one or more than one dose. In another 
embodiment, the method further comprises, after administering, monitoring the patient for the 
5 development the autoimmune disease. 

FIGURES 

These and other features, aspects and advantages of the present invention will become 
better understood with regard to the following description, appended claims, and 
accompanying figures where: 
10 Figure 1 are schematic depictions of three substances according to the present 

invention; and 

Figure 2 are schematic depictions of the fifteen plasmids that were tested for their 
efficiency in preventing, delaying the onset of or treating an autoimmune disease in accordance 
with a method of the present invention. 

15 DESCRIPTION 

According to one embodiment of the present invention, there are provided substances 
for preventing, delaying the onset of or treating one or more than one autoimmune disease. 
According to another embodiment of the present invention, there is provided a method of 
preventing, delaying the onset of or treating one or more than one autoimmune disease. In one 

20 embodiment, the autoimmune disease is type 1 diabetes. In a preferred embodiment, the 
method comprising using a substance according to the present invention is a vaccine. The 
substances and method of the present invention do not use solely the delivery of autoantigen, 
and do not use molecules that are direct effectors of the immune system as in prior methods. 
Instead, the present invention uses a vaccine to prevent apoptosis of one or more than one type 

25 of cell capable of the suppressing the autoimmune disease. Because these one or more than 
one type of cell capable of suppressing the autoimmune disease are still be subject to 
physiological and immune regulation, the risk of inducing or enhancing autoimmunity is 
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greatly reduced by the present method as compared to some prior art methods. Further, 
because the present invention does not involve administering substances that are direct 
effectors of the immune system, such as cytokines, the present invention does not pose the risk 
side effects associated with such direct effectors of the immune system. Further 
5 advantageously, a genetic vaccine comprising primarily plasmid DNA can be produced in large 
quantities at relatively low cost and does not require a "cold chain" for storage. Therefore, the 
substances and methods according to the present invention are both economical and practical 
for use to prevent, delay the onset of or treat an autoimmune disease. Further, a genetic 
vaccine according to the present invention modifies the genetic material of an organism directly 
10 which means that native epitopes will be processed by the organism's immune system unlike 
protein-based vaccines. The substances and method of the present invention will now be 
disclosed in detail. 

As used in this disclosure, the term "autoimmune disease" comprises both diseases due 
in part or in total to destruction of normal cells or tissues by the organism's own immune 

15 system, and also comprises destruction of cells or tissues that were transplanted into the 

organism to take the place of defective or absent cells or tissues, such as islet cell transplants, 
or partial or whole organ transplants, by the organism's own immune system. 

As used in this disclosure, the term "comprise" and variations of the term, such as 
"comprising" and "comprises," are not intended to exclude other additives, components, 

20 integers or steps. 

In one embodiment, the present invention includes three substances that can be used 
either individually, sequentially or simultaneously to prevent, delay the onset of or treat one or 
more than one autoimmune disease. One of the three substances is a DNA construct 
comprising a polynucleotide sequence, SEQ ID NO:l, encoding the pro-apoptotic protein 

25 BAX, and encoding one or more than one autoantigen for the autoimmune disease. Another of 
the three substances is a DNA construct comprising a polynucleotide sequence, SEQ ID NO:2, 
encoding the adenoviral protein E3-GP19k, which prevents presentation of an antigen on 
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MHC-I molecules in the endoplasmic reticulum. Another of the three substances is a DNA 
construct comprising a polynucleotide sequence, SEQ ID NO:3, encoding a truncated form of 
BCL-2 designated ABCL-2 in this disclosure. 

As will be understood by those with skill in the art with reference to this disclosure, 
5 though specific sequences are given for the polynucleotide sequences as disclosed in this 

disclosure, such as the polynucleotide sequences encoding the pro-apoptotic protein BAX, the 
adenoviral protein E3-GP19k and ABCL-2, the present invention includes any other sequence 
that does not cause a change in the translated amino acid sequence, as well as any sequence 
that does cause a change in the translated amino acid sequence but where the change does not 

10 substantially affect the function of the translated amino acid sequence so as to make it 
unsuitable for the uses contemplated in this disclosure. 

Referring now to Figure 1 , there are shown schematic depictions of three substances 
according to the present invention. As can be seen, each substance comprises a plasmid DNA 
construct. Substance A comprises a plasmid construct comprising a polynucleotide encoding 

15 an autoantigen for the autoimmune disease, such as secreted glutamic acid decarboxylase that is 
an autoantigen for type 1 diabetes, followed by a polynucleotide, SEQ ID NO:l, encoding 
BAX. Substance B comprises a plasmid construct comprising a polynucleotide, SEQ ID 
NO:2, encoding E3-GP19k without a polynucleotide encoding an autoantigen for the 
autoimmune disease. Substance C comprises a plasmid construct comprising a polynucleotide, 

20 SEQ ID NO:3, encoding a truncated form of the anti-apoptotic protein BCL-2 without a 

polynucleotide encoding an autoantigen for the autoimmune disease. As used in the Figures, 
"CMV" represents the cytomegalovirus promoter element, "pA" represents a polyadenylation 
site, and "IRES" represents an internal ribosome binding site from the EMCV virus, SEQ ID 
NO:4. 

25 In order to demonstrate the advantages of the present invention, fifteen plasmids were 

constructed and used as vaccines. Each construct was cloned into the vector pND2. Referring 
now to Figure 2, there are shown schematic depictions of the fifteen plasmids that were tested 
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for their efficiency in preventing, delaying the onset of or treating an autoimmune disease. As 
can be seen, each plasmid was under the plasmid transcriptional control of the same promoter 
(CMVp) to ensure expression of both open reading frames in each transfected cells. During 
construction of these plasmids containing the cDNA encoding BCL-2, it was found that 
5 plasmid deletions occurred due to the large size of the cDNA. Therefore, a truncated version 
of bcl-2 designated Abcl-2 was used to construct the plasmids. As shown in Figure 2, the 
plasmids comprised cDNA encoding cytoplasmic GAD, SEQ ID NO:5, (plasmid 1); secreted 
GAD (SGAD), SEQ ID NO:6, (plasmid 2); a control secreted luciferase, SEQ ID NO:7, 
(plasmid 3); truncated human anti-apoptotic protein BCL-2 (ABCL-2), SEQ ID NO: 3, (plasmid 

10 4); anti-apoptotic protein BAX, SEQ ID NO:l, (plasmid 5); E3-GP19k, SEQ ID NO:2, 

(plasmid 6); ABCL-2, SEQ ID NO:3, in combination with cytoplasmic GAD, SEQ ID NO:5, 
secreted GAD, SEQ ID NO:62, and secreted luciferase, SEQ ID NO:7, (plasmids 7-9, 
respectively), BAX, SEQ ID NO:l, in combination with cytoplasmic GAD, SEQ ID NO:5, 
secreted GAD, SEQ ID NO:6, and secreted luciferase, SEQ ID NO:7, (plasmids 10-12, 

15 respectively); and E3-GP19k, SEQ ID NO:2, in combination with cytoplasmic GAD, SEQ ID 
NO:5, secreted GAD, SEQ ID NO:6, and secreted luciferase, SEQ ID NO:7, (plasmids 13-15, 
respectively). 

All plasmids were generated, the open reading frame amplified using PCR, and the 
amplification products were inspected after DNA sequencing and found to be without 

20 mutations. Each construct was then used to transfect simian COS-7 cells transiently for 

immunoblot analysis of cell ly sates, which confirmed that a gene product of the correct size 
was encoded (data not shown). 

Next, the effects of the 15 plasmids on non-obese diabetic (NOD) mice were 
determined as follows. First, plasmid DNA was isolated using Qiagen Endofree kits (Qiagen 

25 Inc., Chatsworth, CA, US), and 300 ug of each of the 15 plasmid DNAs was injected 

intramuscularly into groups of fifteen 4-5-week-old female NOD mice. The 300 ug dose was 
selected as a dose relevant to the human clinical setting based on organism weight. The onset 
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of diabetes was monitored until the age of 35 weeks, using urine and blood glucose analysis. 
The mice were considered diabetic after testing positive for high levels of glycosuria, with 
blood glucose levels greater than 300 mg/dl on two consecutive days. 

The results of these experiments demonstrated the following. The percentage of 
5 diabetic animals at 35 weeks of age ranged from 73-93% for mice vaccinated with plasmids 1- 
3; 60-67% for mice vaccinated with plasmids 4 or 7-9; 47-85% for mice vaccinated with 
plasmids 5 and 10-12; and 53-73% for mice vaccinated with plasmids 6 and 13-15. Control 
animals (those not vaccinated) had an incidence of diabetes of about 93 % . Therefore, 
administration of 300 ug of plasmid vector alone or of 300 ug of plasmid vector encoding 

10 antigens alone, plasmids 1-3, did not result in significant diabetes suppression. Mice 

vaccinated with plasmids 6-9 and 1 1 showed statistically significant suppression of diabetes 
when compared to untreated mice (P<0.05 for plasmid 7, and P< 0.02 for plasmid 9). In 
addition, mice receiving pND2-E3-GP19k, plasmid 6 or pND2-SGAD55-BAX, plasmid 11 
showed a significantly decreased incidence of diabetes at 35 weeks when compared to mice 

15 receiving plasmid pND2-GAD65, plasmid lor pND2-GAD65-BAX, plasmid 10 (P<0.04), 
and mice receiving pND2-GAD65-ABCL2, plasmid 7 or pND2-SGAD55-ABCL2, plasmid 8 
showed significantly decreased diabetes when compared to mice receiving pND2-GAD65, 
plasmid 1 (P<0.05). Suppression of diabetes was associated with decreased islet inflammation 
(data not shown). These results will be disclosed now in greater detail. 

20 Mice that were vaccinated with plasmids comprising Lbcl-2, plasmids 4 and 7-9, 

showed a 4-5 weeks delay in diabetes onset regardless of the co-expressed antigen, and a 
decrease in the incidence of diabetes at 35 weeks of age (60-67% compared to about 93% for 
the unvaccinated control mice) regardless of the co-expressed antigen. Therefore, co- 
expression of GAD autoantigen did not suppress the effect. 

25 Mice that were vaccinated with plasmids comprising box, plasmids 5 and 10-12, did not 

show diabetes suppression, with the exception of sgad55-bax y plasmid 11. While mice 
vaccinated with plasmid 11 started to develop diabetes at a time similar to other mice 



PATENT 



14102-1US 



vaccinated with a plasmid comprising only box, plasmid 5, the incidence of diabetes in mice 
vaccinated with plasmid 11 at 35 weeks of age was only 47% compared with a 93% incidence 
for the unvaccinated control mice (p<0.05). 

Mice that were vaccinated with plasmids comprising E3-gpl9k, plasmids 6 and 13-15 
5 showed wide differences in diabetes onset, depending on the antigen that was co-expressed. 

Mice that were vaccinated with the plasmid comprising E3-gpl9k without autoantigen, plasmid 
6 started to develop diabetes with a 4-5 week delay, and showed decreased diabetes at 35 
weeks of age (53% vs 93% for the unvaccinated control mice for control) (p<0.05). Mice 
that were vaccinated with the plasmids comprising E3-gpl9k with autoantigen, plasmids 13-15, 

10 suppressed the effect, both with respect to the delay in the onset of diabetes and with respect to 
the incidence of diabetic animals at 35 weeks. 

Next, immune responses were characterized using a GAD-specific ELISpot assay and 
ELISA of serum anti-GAD IgG isotypes to determine whether diabetes suppression by the 
administration of the substances of the present invention was associated with suppression of 

15 inflammatory Thl-like activity, and up-regulation of anti-inflammatory Th2 like response. 

The ELISpot assay was conducted as follows. Splenocytes were isolated from the mice 
at time of diabetes onset, or at the end of the observation period for non-diabetic animals. The 
cells were then stimulated with recombinant GAD protein, and the number of cells secreting 
IFN-gamma (for Thl-like activity), and IL-4 (for Th2-like activity) were counted, following a 

20 standard manufacturer's protocol. The number of cells secreting the cytokines in the absence 
of GAD stimulation was then subtracted, and results analyzed. For IFN-gamma the data 
clearly indicated that suppression of diabetes by plasmid 6, encoding E3-GP19k alone, or by 
plasmids 4 and 7-9, encoding ABCL-2 alone or together with an antigen, were associated with 
a suppression of GAD-specific activity. Therefore, E3-19k and ABCL-2 could induce an 

25 immune response that was able to suppress autoreactivity against beta cells. Surprisingly, the 
SGAD55-BAX combination did not appear to significantly suppress Thl-like activity. Further, 
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SGAD55 alone, which did not suppress diabetes, did suppress GAD-specific Thl-like 
response. 

With respect to IL-4, the data indicated an increase in GAD-specific activity for mice 
that received plasmid 6 encoding E3-GP19k alone (diabetes suppression), plasmid 13 encoding 
5 SGAD55 and E3-19k (no diabetes suppression), and plasmid 8 SGAD55 and ABCL-2(diabetes 
suppression). Thus, increased Th2-like activity was not always associated with decreased Thl- 
like activity or disease suppression. 

The ELISA was conducted as follows. Animal sera were used for ELISA of anti-GAD 
IgG2a,b and IgGl isotypes, which indicate a Thl-like and Th2-like activity, respectively. 

10 ELISA of anti-GAD IgG2a,b indicated that three of the plasmid DNAs coding for ABCL-2, 
plasmids 4, 8 and 9, showed a significant reduction in Thl-like activity, when compared to 
plasmid 5 coding for BAX, but not with the unvaccinated control mice. ELISA of anti-GAD 
IgGl indicated that all plasmid DNAs encoding BAX, plasmids 5 and 10-12, resulted in 
decreased Th2-like activity. 

15 These data taken together indicate that, first, bax, a plasmid cDNA coding for a pro- 

apoptotic protein, can be used as a molecular adjuvant for genetic vaccines to prevent 
autoimmune disease, such as a vaccine comprising a polynucleotide encoding a secreted form 
of an autoantigen. Second, a plasmid cDNA encoding E3-GP19k or encoding a truncated 
BCL-2 alone could suppress autoimmune disease, though a plasmid cDNA encoding E3-GP19k 

20 or encoding a truncated BCL-2 combined with an autoantigen was less effective. 

In one embodiment of the present invention, there is provided a method of preventing, 
delaying the onset of or treating an autoimmune disease. The method comprises, first, 
selecting a patient who is susceptible to developing the autoimmune disease, who is developing 
the autoimmune disease or who has the autoimmune disease. The selection can be made using 

25 standard methods as will be understood by those with skill in the art with reference to this 

disclosure. For example, if the autoimmune disease is diabetes, the selection can be made by 
identifying in the patient the presence of anti-insulin or anti-GAD autoantibodies or both anti- 

10 
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insulin and/or anti-GAD autoantibodies, the presence of increasing hyperglycemia, the 
presence of glycosuria, the presence of a genetic predisposition to diabetes or more than one of 
these. 

Next, the patient is administered one or more than one dose of a plasmid construct 
5 according to the present invention. That is, a plasmid construct comprising a polynucleotide 

encoding an autoantigen for the autoimmune disease and encoding BAX, or a plasmid construct 
comprising a polynucleotide encoding E3-GP19k but without a polynucleotide encoding an 
autoantigen for the autoimmune disease, or a plasmid construct comprising a polynucleotide 
encoding a truncated form of the anti-apoptotic protein BCL-2 but without a polynucleotide 
10 encoding an autoantigen for the autoimmune disease. In a preferred embodiment, the organism 
is administered two plasmid constructs according to the present invention. In a particularly 
preferred embodiment, the organism is administered all three plasmid constructs according to 
the present invention. 

In a preferred embodiment, the plasmid construct is administered in a plurality of 
15 doses. In another preferred embodiment, the dose is between about 0.001 mg/Kg and about 10 
mg/Kg. In another preferred embodiment, the dose is between about 0.01 mg/Kg and about 1 
mg/Kg. In another preferred embodiment, the dose is about 0.05 mg/Kg. In a preferred 
embodiment, a suitable dose for a human adult is between about 0.5 mg and 5 mg. In a 
preferred embodiment, a suitable dose for a human adult is between about 1 mg and 4 mg. In a 
20 preferred embodiment, a suitable dose for a human adult is between about 2.5 mg and 3 mg. 
In another preferred embodiment, the dose is administered weekly between about 2 and about 
10 times. In a particularly preferred embodiment, the dose is administered weekly 4 times. In 
another particularly preferred embodiment, the dose is administered only once. 

Administration can be by a suitable route. In a preferred embodiment, the route is 
25 intramuscular or intravenous. 

Additionally, the method can comprise, after administering, monitoring the patient for 
the development of the autoimmune disease. 

11 



PATENT 



14102-1US 



EXAMPLE I 
PREVENTION OF DIABETES 

According to the present invention, the onset of diabetes in a patient is delayed or 
prevented, for example, as follows. First, the patient is selected based on the presence of 
circulating anti-insulin and anti-GAD autoantibodies. Next, the patient is injected 
intramuscularly with 0.05 mg/Kg of a plasmid construct comprising a polynucleotide sequence, 
SEQ ID NO:l, encoding the pro-apoptotic protein BAX and encoding SGAD, SEQ ID NO:6, 
or comprising a polynucleotide sequence, SEQ ID NO:2, encoding the adenoviral protein E3- 
GP19k, or comprising a polynucleotide sequence, SEQ ID NO: 3, encoding ABCL-2. The 
injection is repeated weekly for 3 weeks while the level of circulating anti-insulin and anti- 
GAD autoantibodies is monitored. The treatment is ended when the level of circulating anti- 
insulin and anti-GAD autoantibodies has returned to normal. 

Although the present invention has been discussed in considerable detail with reference 
to certain preferred embodiments, other embodiments are possible. Therefore, the scope of the 
appended claims should not be limited to the description of preferred embodiments contained 
in this disclosure. 
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